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A PRECISION POINTING SYSTEM FOR
SHUTTLE EXPERIMENT PAYLOADS
by
Rich Van Riper
ASPS Program Manager
Sperry Flight Systems
Phoenix, Arizona

ABSTRACT

Since the EPM studies identified various
types of experiments with different levels
of pointing accuracy and stability, it was
decided to make use of the inherent ASPS
modularity to provide these different per
formance levels with maximum reliability and
the minimum amount of hardware. The modular
aspects of ASPS permit the use of the ASPS
Gimbal System (AGS) to satisfy payload re
quirements for coarse or moderate pointing.
The AGS uses all of the ASPS hardware with
the exception of the ASPS Vernier System
(AVS). The AVS is comprised of the vernier
isolation and pointing assembly (including
roll-axis control) and associated electron
ics. For missions that have stringent
pointing requirements, the AVS is easily
added to the AGS, thus providing the full
ASPS capability.

This paper describes the Annular Suspension
and Pointing System (ASPS) being developed
to support NASA Shuttle payloads in the
1980s. The ASPS employs a unique magnetic
suspension system to isolate Shuttle payloads from Orbiter disturbances and provide
vernier control of the payload's attitude,
thereby allowing extremely accurate and
stable pointing. A description of the sys
tem design, configurations, and performance
goals is given. Component and system
development testing of the full-size ASPS
Engineering Development Model is described,
and hardware photographs and test
configurations are presented.
INTRODUCTION

In the early 1970s NASA recognized that many
of the Shuttle payload scientific experi
ments would require precision pointing
significantly better than that provided by
the Orbiter 1 s attitude control system. An
Experiment Pointing Mount (EPM) working
group (References 1 and 2) was formed to
determine specific pointing requirements of
the many possible experiments; existing
mission models for the 1980 to 1993 period
were examined. From this working group, the
need for a system with pointing stability in
the range of .01 to 1.0 arc second was
established. This performance is required
over long viewing times and during periods
of crew activity and when Orbiter attitude
control vernier reaction jet firings are
present.

Present plans call for delivering two AGSs
to support NASA flights in 1983, and an AVS
for flights starting in 1985.
APPLICATIONS

The ASPS can satisfy the requirements of
many different scientific experiments
planned for flights on the Orbiter. The
applicable disciplines include astronomy,
high-energy astrophysics, solar physics, and
earth observation. In many cases a number
of these experiments will be clustered to
gether and mounted to the ASPS for pointing,
either simultaneously or sequentially, dur
ing one mission. A typical clustered payload has 2000 kg mass, and is 3 meters long
by 1.5 meter diameter. In other cases,
large facility class payloads (Solar Optical
Telescope (SOT) or Shuttle Infrared Tele
scope Facility (SIRTF) (References 6 and 7),
which take up a majority of the Orbiter
payload bay volume and typically range in
mass from 3000 to 7000 kg, will be the
single experiment to be pointed by ASPS
during the mission. The pointing require
ments of the various classes of experiments
cover a very large range covered by several
ASPS configurations, as shown in Figure 2
(Reference 8). By developing the ASPS with
a high degree of modularity and flexibility
to provide the range of performance and
adapt to the needs of the different
experiments, NASA obtains the following
operational advantages:

Prior to the formation of the EPM working
group, Dr. Willard Anderson and Mr. Nelson
Groom at the NASA Langley Research Center
invented a system concept for precision
pointing and isolation of scientific experi
ments onboard the Shuttle disturbances.
They used a magnetic bearing system for
payload isolation and vernier control, and a
pair of conventional gimbals for coarse
pointing and slewing. This concept was
named ASPS, and was initially disclosed in
Reference 3 and in material associated with
contracts awarded to Sperry, and is fully
covered by the patents of References 4 and
5. In 1976 a contract was awarded to Sperry
Flight Systems to develop the system,
conceptually shown in Figure 1,
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in pointing stability over Configurations 1
and 3 which use no accelerometer. The last
two configurations use the AVS to isolate
the experiment from Orbiter-generated dis
turbances and provide vernier control of the
payload's attitude. Configuration 5 uses
wires between the experiment and Orbiter to
provide power and data services, thereby
establishing a physical contact across the
magnetic gaps. Configuration 6 uses a
noncontacting means to transfer electrical
power and data to the experiment, and thus
achieves the ultimate in pointing stability
since the experiment is physically isolated
from the Orbiter (constrained free-flyer).
The noncontacting AVS provides approximately
an order of magnitude stability improvement
over Configuration 5 since almost perfect
decoupling of Orbiter disturbances can be
obtained when no wire or physical contact is
made across the magnetic gap. A description
of each configuration and their hardware
elements is given in the next section.

• A pointing facility with standard and
well-tested interfaces to other
Orbiter systems is provided for each
experiment.
• The pointing system/experiment
integration is facilitated and time
saved for each mission since standard
procedures can be established and
employed.
• The pointing system utilizes a full
complement of sensors for experiment
support, and can also interface
directly with experiment pointing
sensors for ultimate pointing
stability.
t A cost savings is obtained by not
requiring the development of a unique
precision pointing system for each
experiment.
• Experiment image motion compensation
(IMC) is not required, except for
astronomy experiments that require
pointing stability better than 0.01
arc second (Reference 9).

The system requirements imposed on the
design have been established for the three
system configurations treated as the primary
design configurations - 2, 4 and 6. Tables
1 and 2 list the principal performance,
physical characteristics, and payload
services provided.

SYSTEM CONFIGURATIONS AND REQUIREMENTS

The ASPS has been designed to accommodate
the different experiment requirements by
using a modular design approach that
results in the following different ASPS
configurations:

AGS SYSTEM DESCRIPTION
Mechanical Hardware

Figure 3 illustrates the major hardware
elements comprising the AGS. Two identical
gimbal assemblies are stacked to form an
elevation and lateral gimbal pair. The
lower (elevation) gimbal provides an angular
range of ±100 degrees (from vertical). The
upper (lateral) gimbal provides cross-axis
positioning of ±60 degrees. The gimbals are
mechanically limited by an adjustable stop
arrangement to prevent contact with the
Orbiter or adjacent experiments.

• Configuration 1 - AGS - no
accelerometer, two gimbals
• Configuration 2 - AGS - with
accelerometer, two gimbals
• Configuration 3 - AGS - no
accelerometer, three gimbals
• Configuration 4 - AGS - with
accelerometer, three gimbals

A Mounting and Jettison Assembly (MJA) is
used to connect the gimbal pair with the
underlying mounting structure. During
launch and landing, a separation device
within the MJA physically disconnects the
mounting base from the AGS gimbals that are
independently mounted with the experiment to
the pallet launch-support structure. This
approach prevents statically indeterminate
load paths from occurring across the gimbal
bearings due to static deflection of the
mounting structure and launch or landing
environmental loads. The MJA also contains
a pyrotechnically-actuated jettison system
which provides for total separation (and
jettisoning) of the experiment/AGS gimbals
in the event of a multiple failure in orbit.
An accelerometer unit mounted on the MJA

t Configuration 5 - Full ASPS
(AGS + AVS) - contacting payload
services
• Configuration 6 - Full ASPS
(AGS + AVS) - noncontacting services
Configurations 1 through 4 do not use the
AVS, but employ all of the other ASPS ele
ments. Configurations 1 and 2 can satisfy
many experiments that need only two-axis
pointing (no roll about the line-of-sight),
whereas Configurations 3 and 4 provide full
three-axes pointing. Configurations 2 and 4
employ an accelerometer to decouple or
cancel out Orbiter disturbances, thereby
providing an order of magnitude improvement
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senses Orbiter motion for use in a
feedforward decoupling control law.

and power. Both the PEA and RAU are located
on the payload side of the AGS gimbals.

The gimbals are connected to the experiment
through a Payload Mounting Structure (PMS)
and a Payload Adapter Plate (PAP). The PMS
is a standard adapter section which connects
the PAP to the lateral gimbal. An optional
third gimbal can be inserted between the
lateral gimbal and the PMS to permit rota
tion about the payload line-of-sight (roll
axis). The PAP is a removable, experimentunique structure that can be integrated with
the experiment independent of the pointing
system. Also, the flat end-mount configura
tion of the PAP permits overhanging the PMS
to accommodate virtually any shape or size
experiment.

Other AGS electronics are a Gimbal Electron
ics Assembly (GEA) , Power Conditioning Elec
tronics (PCE), Backup Electronics Assembly
(BEA) Digital Electronics Assembly (DEA) and
NASA Standard Spacecraft Computer (NSSC-II),
all of which are mounted to Spacelab cold
plates on the same Spacelab pallet as the
AGS mechanical hardware. The GEA contains
analog electronics for modulation and de
modulation of the gimbal angle resolvers and
for power drive of the two-phase, brushless
dc torquers used to position the gimbals.
The interfaces with these electronics are
analog, and they are connected directly to
A/D and D/A converters within the DEA. The
GEA also contains electronics which operate
the experiment launch locks, separation
mechanism, and retractable gimbal stop.

Each gimbal assembly contains a permanent
magnet brushless two-phase dc torquer, a
multispeed wound rotor resolver for
commutation of the torquer drive signal, and
a single-speed wound rotor resolver for
position readout and control of the gimbal
angle. Since all of the gimbals have a
limited rotational freedom, electrical
connections are carried across the rotating
gimbals through flex capsules that contain
flat flex tapes which are looped between
concentric cylinders in the center of each
gimbal. Duplex gimbal bearing pairs are
used in each gimbal assembly in a fixed/
floating cartridge arrangement. The car
tridges permit the bearing preload to be set
by tolerances within the cartridge itself;
dimensional changes which result from
temperature variations cause the floating
cartridge to slide axially without inducing
mechanical stresses or upsetting the bearing
preloads.

Power switching for all of the AGS elec
tronics (sensors, GEA, BEA, PEA, DEA and
NSSC-II) is performed in the Power Condi
tioning Electronics. These electronics also
provide EMC filtering of the primary power
utilized by the GEA and BEA.
A microprocessor-controlled system for
driving an independent set of backup coils
in the torquers and for determining gimbal
position, using separate discrete sensors,
is provided in the BEA. When connected
through hard-wiring to a contingency panel
in the Orbiter, this system provides a fully
redundant backup caging capability for the
AGS.
The DEA is a microprocessor-controlled,
general-purpose interface unit which pro
vides data input and output to the NSSC-II
and Spacelab data handling system. Inter
face modules permit serial data transfer to
and from the PEA, analog input and output
signals to the GEA, analog inputs from the
accelerometer unit, discrete I/O with the
GEA, serial I/O with the Spacelab CDMS via a
coldplate-mounted RAU, and serial output to
the Spacelab High Rate Multiplexer (HRM).
Figure 4 presents the overall AGS data
handling system, including the Spacelab
interfacing elements. Both the DEA and PEA
are adaptations of the Sperry Flexible
Multiplexer/Demultiplexer (FMDM) shown in
Figure 5.

Sensors and Electronics

In most applications the AGS inertial
sensors will be mounted on the experiment
mounting structure for coalignment with the
experiment. These sensors (see Figures 3
and 4) include the DRIRU-II Inertial Refer
ence Unit (IRU) on all missions, and one or
more angular error sensors such as the NASA
Standard Fine Sun Sensor and Stellar Star
Tracker. Control and data interfaces with
the sensors are provided by a Payload Elec
tronics Assembly (PEA) which is connected to
the AGS duplicate word Digital Electronics
Assembly (DEA) through a serial data chan
nel. The PEA provides a general-purpose,
microprocessor-controlled interface with the
position sensors, and a special-purpose
interface with the DRIRU-II. Experiment
control and data is handled by a standard
Spacelab Remote Acquisition Unit (RAU) which
connects to the Spacelab Command and Data
Management System (CDMS). Additional lines
provided for exclusive experiment use allow
direct transfer of high-speed data, control,

Operational control of the AGS and the
experiment utilizes the standard Spacelab
CDMS such as the Data Display System (DOS),
Mass Memory Unit (MMU), Experiment Computer,
etc. The AGS flight software will be stored
in the MMU and loaded via the RAU and DEA
into the NSSC-II. A hand controller located
in the Orbiter aft flight deck can be
hard-wired to the DEA for manual operation
by a payload specialist.
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axes) is required. Raster, manual pointing,
and retargeting maneuvers are provided dur
ing Payload Pointing. Gimbal angle commands
used for deployment and stowage are gener
ated for the Gimbal Pointing mode.

Software

The flight software is organized into
functional modules that are relatively
independent, as indicated in Figure 6. The
Attitude Control Module provides the servo
error compensation and torque distribution
for the gimbal control systems, and is
described first. Two Attitude Control
System (ACS) modes are provided by the AGS,
depending on whether the gimbal resolver or
the IRU is used for feedback control of the
attitude. These are defined as the Gimbal
Pointing mode and the Payload Pointing mode,
respectively.

The Attitude Determination Module performs
an integration of the strapdown IRU rates
and of the payload rate commands. The
attitude error between the commanded and
computed attitude is used as an update to
the incremental attitude error in the
Attitude Control Module. IRU bias and scale
factor corrections are made as part of the
strapdown computation.

Gimbal (resolver) pointing will normally be
used only during the initial erection, hold
ing, or stowage maneuvers which involve a
sequence of individual gimbal axis rota
tions. All other operations will use the
Payload (IRU) Pointing Mode.

The strapdown attitude is updated from one
or more position sensors by combining the
various payload attitude measurement errors
generated by the Sensor Processing Module.
A six-state Kalman filter is used in the
Attitude Determination Module to compute the
three axis components of IRU bias and atti
tude error from the position sensor output
data.

During the Gimbal Pointing mode, the angular
rate of command is limited, then passed
through an integrator to form a gimbal angle
command. The rate limit varies as a func
tion of the distance between the present
position and a limit corresponding to the
gimbal stop position. The gimbal limit is
normally a constant, but it may also vary if
two AGS systems are mounted on a single
pallet and the Collision Avoidance Module is
used. Sine and cosine angular commands are
supplied to the resolvers which return the
gimbal angle errors. This error is
compensated to form an angular acceleration
command that is then distributed to the
gimbal torquers.

The Sensor Processing Module computes an
attitude measurement innovation (difference
between measured and expected sensor
line-of-sight) from each of four position
sensors. The Orbiter State Vector attitude
is rotated through the gimbal angles to
obtain the inertial attitude of the payload
IRU. Fine sun sensor, star tracker, and
payload sensor error data are combined with
the Spacelab CDMS-supplied inertial position
of the sun, star, or payload target being
viewed to compute the payload attitude. The
design of this module and the Attitude
Determination Module provide capability for
sun- and stellar-referenced pointing and
expansion to earth pointing.

In the Payload Pointing mode, the payload
angular rate error is formed from the summa
tion of limited rate command and the payload
rate derived from the IRU pulse count. This
rate error is integrated to form an incre
mental attitude error for servo control.
The Attitude Determination System (ADS)
software module periodically updates this
error from the strapdown attitude computa
tion. Payload rate and incremental attitude
error are combined and compensated, forming
the acceleration command which is distri
buted by a gimbal angle transformation into
gimbal torque commands. The torque commands
are then modified by adding compensated
mount acceleration signals to decouple the
payload from Orbiter motion.

The Collision Avoidance Module computes a
gimbal angle limit as a function of the
orientation of an adjacent Experiment Point
ing Mount (EPM) to prevent collision of the
two systems or their payloads. Since colli
sion avoidance must be provided after a
failure of either system, the module is
contained in both EPM computers.
Requests to change the attitude control mode
(Gimbal Pointing or Payload Pointing),
command mode (raster, retarget, etc), and
discrete status (caging, latching, etc) are
processed through the Mode Control and
Sequence Module. Consistency checks are
provided along with the required initializa
tion of ACS internal variables to permit
smooth transitioning between modes. Pre
programmed maneuvers may also be requested,
and the required sequence of discrete com
mands, attitude control and command modes
will be generated. Preprogrammed maneuvers
may be used for deployment and stowage.

The Command Processing Module generates rate
commands for the Attitude Control Module.
Depending on the mode of the attitude con
trol system, either a payload rate command
(inertial rate about the IRU axes) or a
gimbal rate (relative rate about the gimbal
3-28

Magnetic bearings provide noncontacting
isolation and vernier pointing of the payload in the Vernier Assembly. Three axial
Magnetic Bearing Assemblies (MBAs) provide
axial translation and vernier pointing about
the transverse axes. Proximeters associated
with each MBA are employed to linearize the
force/displacement characteristic and
compute both the axial displacement and the
tilt of the payload about the transverse
axes.

Selective internal variables from the ACS
and ADS modules are checked for "reasonable
ness," using magnitude limits in the Failure
Monitoring and Reporting Module. Other
failure conditions are detected using
discrete status consistency checks, GEA
telemetry limit testing, and a CPU self-test
algorithm. Detected failures are reported
in the HRM telemetry stream and also to
Space!ab personnel through the experiment
computer Data Display System. The detection
of unrecoverable computer errors or of an
overrate condition by the Failure Monitoring
and Reporting System causes the AGS backup
system to become active, which stops system
maneuvering. A reentry capability from the
AGS backup mode to the Gimbal Hold mode is
provided in event that the detected condi
tion is later determined to be recoverable.
This avoids having to reload the NSSC-II.

The axial MBAs react against the horizontal
surface of an L-shaped, soft-iron rotor
which runs circumferentially under the
payload plate mounting surface at a mean
radius of .36 meter. The vertical surface
of this rotor is utilized by the two radial
MBAs and the single roll motor. The radial
MBAs are spaced 90 degrees apart, and
provide radial centering of the payload
mounting plate. Each radial MBA contains
proximeters for magnetic gap compensation
and for position measurements.

The Display/Tel ernetry Module provides se
lection and grouping of the various internal
variables to form a fixed-size block of data
for transfer to the Spacelab CDMS.

A segmented, two-phase, solid-iron rotor, ac
induction motor controls the roll rotational
servo. This motor also contains proximeters
to compensate the radial attractive force
associated with the two motor segments.
Roll angular position is sensed by a singlespeed wound rotor resolver located at the
center of rotation. Resolver rotor signals
are ac-coupled to the stationary side of the
assembly through a rotary transformer.

In the Real-Time Executive Module, parameter
changes received over the CDMS are decoded
and checked for consistency. Parameter
updates may only be effected when a complete
RAU block of data has been processed. The
Executive also performs all task scheduling
and timing, and is used for program
initialization.
Library-type functions shared by the other
AGS software modules are contained in the
Utility Program Module.

In addition to the six-degrees-of-freedom
isolation and control provided by the AVS,
power and data transfers to the payload
experiment are also supplied. Configuration
5 provides a centrally located flexible wire
capsule, whereas Configuration 6 replaces
the wire interface with an optical, noncontacting digital data link and a rotary
power transformer which is also
noncontacting.

ASPS SYSTEM DESCRIPTION

The ASPS configuration, shown in Figure 7*
uses the majority of the hardware and soft
ware elements previously described for the
AGS, and adds those associated with the AVS.
The required hardware changes are: addition
of the Vernier Isolation and Pointing Assem
bly and the Vernier Electronics Assembly,
and deletion of the linear accelerometer
used for feedforward decoupling. Since the
AVS has a full roll degree of freedom, only
the elevation and lateral gimbals are re
quired for the ASPS configurations. Soft
ware changes are necessary in only the
Attitude Control, Failure Monitor, and
Display/Telemetrymodules*.

LABORATORY TESTING

To evaluate performance of the ASPS design,
Sperry has built full-scale engineering
prototypes of many of the hardware elements,
and has them under test in two Sperry
laboratories.
The vernier isolation and pointing assembly
is under test in a laboratory which has pro
visions for minimizing air current distur
bances, tightly controlling temperature
gradients, and operating the equipment
remotely from an adjacent control room.
These provisions are necessary to evaluate
the very high degree of stability which is
inherent in the vernier's design. Figure 8
shows the prototype Vernier Assembly with
top plate removed. Figure 9 shows the

The vernier isolation and pointing assembly
contains the roll-axis drive which provides
unlimited rotation about the payload longi
tudinal axis and magnetic actuators for ver
nier rotation up to +.75 degree about any
axis in the plane normal to the payload roll
axis. The payload adapter plate can be re
moved for mounting and aligning experiments
prior to installation on the ASPS.
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assembly mounted onto a test fixture with a
long tube attached to the vernier top plate
which provides the mass properties of an
actual experimental payload. The tube and
vernier top plate are precisely counter
balanced to counteract the effects of
earth's gravity present in the laboratory
setup. Figure 10 is typical of the test
results obtained to date showing AVS
stability response. The figure shows a
typical AVS pitch axis pointing error after
an Orbiter pitch axis' vernier reaction jet
has fired. The results closely match the
AVS mathematical model simulations which are
of high fidelity quality. These simulations
include the test equipment anomalies and
environmental disturbance effects. By
removing the laboratory effects from the
simulation, a performance prediction has
been obtained which supports the contention
of achieving 0.01 arcsec stability in a
space environment.

FUTURE APPLICATIONS

The ASPS is being developed to provide very
precise pointing and stabilization (0.01
arcsec) for the NASA scientific experiments
that the Shuttle will carry. However, the
system design has employed a flexible, modu
lar approach which has emphasized autonomy,
wherever possible, from the Spacelab and its
equipment in order to allow for future
applications to other Shuttle configurations
and other space vehicles. One such applica
tion under consideration is the Air Force's
Sortie Support System which will be used for
testing the Defense Department's space test
payloads. The ASPS can easily meet the
requirements for the orientation subsystem
equipment that will be used to precisely
point selected payloads. By having a
microcomputer-controlled DEA and PEA elec
tronics and a dedicated NSSC-II computer
which contains most of the required soft
ware, the ASPS can be readily adapted to the
different mission scenarios and equipment
interfaces dictated by Air Force applica
tions. With the first Sortie Support flight
targeted for the 1984 to 1985 period, the
program dovetails nicely with the NASA
development in the early 1980s.

The elevation and lateral gimbals are under
test in another laboratory using a WideAngle Test Fixture (WATF) which permits
large angle excursions of an end-mounted
test payload under earth's gravity. The
engineering prototype gimbal elements are
shown in Figure 11, and the assembled
gimbals connected to the WATF are shown in
Figure 12. The WATF consists of a hori
zontal, two-axis, servoed carriage which is
mounted close to the high bay laboratory
ceiling, and a servo-controlled vertical
cable which attaches to the payload under
test. The cable tension is controlled to
always counteract the gravity force pulling
on the payload's center of gravity, while
the horizontal crane positions the cable
directly above the payload center of gravity
as it is moved about by the AGS gimbals.
The unique feature of the fixture is that it
provides a means to dynamically test the
pointing system through all its modes of
operation with end-mounted payloads under
the influence of earth's gravity, and
thereby provide better confidence of good
orbital operation. Many of the primary and
backup modes, as well as simulated failure
conditions, can be tested in this facility.
Figure 13 shows a typical test setup that
will be used for testing the pointing
performance in the Payload Pointing mode.
The flight DRIRU-II Inertia! Reference Unit
and NSSC-II Computer which are now at Sperry
will be mated to existing breadboards of the
AGS electronics and integrated with thre
prototype hardware. The flight software
will be loaded into the NSSC-II Computer,
and the combined system operation will be
checked, using all of the system elements.

A second future application under considera
tion is totally separate from a Shuttleattached flight. This is the use of ASPS on
the NASA Space Platform. The Space Plat
form, which has been under study by NASA and
industry, will provide a much longer dura
tion time in space than an attached Shuttle
flight allows, with improved power and data
handling services. Studies have indicated
that many experiments which will use the
platform will require pointing stabilities
of .005 to .05 arc second , and as many as
20 pointing systems may be needed to support
platform operations (Reference 10).
SUMMARY

The ASPS, a precision pointing system for
Shuttle experiment payloads, has been
described. Tests to date on the prototype
engineering model hardware have confirmed a
majority of the design and performance pre
dictions, and lend support to the contention
that pointing stabilities of better than
0.01 arc second can be achieved through the
use of the ASPS technology. The ASPS and
its derivative, the AGS, will provide NASA
with a flexible system able to accommodate
most Shuttle mission requirements throughout
the 1983 to 1995 era.
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netic Suspension and Pointing System.
U.S. Letters Patent Number 4,088,018;
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TABLE 1:

ASPS PERFORMANCE CHARACTERISTICS

ACS With
Accelerometer
Performance Characteristic

Config. Config.
4
2

ASPS
NonContacting
Config. 6

Units

Angular Range
Elevation
Lateral
Roll
Vernier _L Los

+60
-

±60
±180
-

±100
±60
Unlimited
±0.75

Degree
Degree
Degree
Degree

Control Torque
Elevation
Lateral
Roll
Vernier ± Los

34
34
,
.

34
34
±14
-

34
34
0.7
34

Newton
Newton
Newton
Newton

Quiescent Stability (1 0)
Los
Roll

0.2
-

0,2
2.5

0.01
TBD

Arc second
Arc second

Disturbance Error (PK)
(600Kg Payload)
Los
Roll

•0.4
.

0.5
5.0

0.01
TBD

Arc second
Arc second

Pointing Accuracy (3 o)
(Using STELLAR Star
Sensor)
Los
Roll

2.0
•

2.0
2*0

2.0
2.0

Arc second
Arc second

±100

±100

$4*

Meter
Meter
Meter
Meter

ASPS CHARACTERISTICS

TABLE 2:

AGS With
Accelerometer
Performance Characteristic
Total Mass of ASPS System

Config.
2
250

Config.
4

ASPS
NonContactlng
Config. 6

291

394

Units
Kilogram

ASPS Power Requirement
Inertia! Pointing

341

355

411

Watts

Peak Torque Slewing
and Thermal
Worst-Case

1325

1540

1825

Watts

Payload Accommodations
Mass

60 to 7200

60 to 7200

Kilogram
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Figure 1: Annular Suspension and Pointing System (ASPS)
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Figure 2: Scientific Experiment Pointing Requirements
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Figure 5: Flexible Multiplexer-Demultiplexer Used for DEA and PEA
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Figure 6: AGS Flight Software
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Figure 7: Annular Suspension and Pointing System (ASPS)
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Figure 9: AVS Eingineeririg Prototype 'Test Setup
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Figure 10: AVS Response to an Orbiter VRCS Pitch Disturbance
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Figure 12: Wide-Angle Test Fixture Setup
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PEP MISSION CHARACTERISTICS
MISSION TYPE:

SORTIE (FLYBACK)
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INCLINATION RANGE:

28° TO 100°

TURNAROUND TIME:

27.5 HRS (NO SERIAL IMPACT)

MISSION WEIGHT:

2010 L6S

ORIENTATION:

TO ORBITER LIMITS

G LEVEL:

TO ORBITER LIMITS

Figures

PEP PERFORMANCE — LAUNCH DATE EFFECTS
h=220nm

SO,
97° (SUN
SYNCHRONOUS)

45
40

90°

€0 35
oo

2

30

I

Q
S

80° ORBIT
INCLINATION

25

20

55°

15

(28.5°)

10
POWER TO
PAYLOAD, KW
JAN

FEB

MARjAPR | MAY [ JUN | JUL | AUG | SEP | OCT
LAUNCH DATE

Figure 6

NOV | DEC

25 kW POWER SYSTEM
REFERENCE CONCEPT
• REFERENCE ORBIT: 235 N. Ml. ALT,; 28.5° OR 57° INCL.
• PS MODES: SORTIES, FF MISSIONS, AND ON-ORBIT STORAGE
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